NADPH oxidases in fungi: diverse roles of reactive oxygen species in fungal cellular differentiation.
Synthesis of reactive oxygen species (ROS) by specific NADPH oxidases (Nox) can serve both defense and differentiation signaling roles in animals and plants. Fungi have three subfamilies of NADPH oxidase. NoxA and NoxB have a structure very similar to the human gp91(phox). NoxC has in addition a Ca(2+) binding motif as found in the human Nox5 and plant Rboh families of NADPH oxidases. A survey of fungal genomes identified up to four Nox genes in some fungal species, but Nox genes are absent from available genomes of the hemiascomycete yeasts, unicellular Basidiomycetes and Zygomycetes, reflecting the diversity of fungal life forms. Specific isoforms of Nox have been shown by genetic analysis to be required for various physiological processes and cellular differentiations, including development of sexual fruiting bodies, ascospore germination, hyphal defense, hyphal growth in both mutualistic and antagonistic plant-fungal interactions. This review provides an overview of our current knowledge of fungal NADPH oxidases, including Nox distribution in the fungal kingdom, Nox structure and regulation, and known biological functions of this important group of enzymes.